Graphical, experimental data for major neutron-induced interactions (Z > 55) by Cullen, D. E. et al.
I 9 
ryl'f ids 
eA UCRt-50400 Volume 7 P a r t B 
An Integrated System for Production 
of Neufronics and Photonics Cafcufafionaf Constants 
Volume 7 Part B 
GRAPHICAL, EXPERIMENTAL DATA 
FOR MAJOR NEUTRON-INDUCED INTERACTIONS (Z > 55) 
D. E, Cullen, R. C. Haight, R. J . Howerton, 
M. H, MacGregor, and S. T. Pe rk i n s 
Apr i l 1, 1974 




University of California/Livermore 
USUI 
&STR.BUT10N QF. T H l S QOCV^T « m u m m 
i1''^r ,*ii^iiii((>»/i^si|i5«i.»if»"i- ,i!ii»V«>(W'ifc 
NOTICE 
"Tnfc report w p t ^ n d i f in account of worfcsfr"* •"*!•»/ 
Ihc Unilel S W a CownuiMiil. Nthker (IK Unltra "er 
the United Suie* Atomic Enercy Commhaloo. POT an, v. i*k 
entploy»n; nor any or thdr eonirac1on,Mibe&nlracl&r$, or OMir 
employe^ makes my warramy, eapie* or trAptkcUor attunes 
any k p l Ijiibilily ot [rtpofaSWJly for lite accuracy. compkKMK 
or ujcrulntat oT any Jnfonaallon. apparatus, proJocl or proce** 
defdoieil, <ir rtpmr-nlt lfcti Ets uw would nor infringe privately-
otmstl rijhili." 
Printed in the United States of America 
Available from 
National Technical Information Service 
U. S. Department of Commerce 
5285 Port Royal Road 
Springfield, Virginia 22151 
Pr ice : Printed Copy $ _*; Microfiche $0.95 
OTIS 








LAWRENCE (JVERMCRE LABORATORY 
tbiwsityotC*0omiR/lJwma9,Caltoriif'9455O 
UCRL-50400 Volume 7 P a r t B 
GRAPHICAL, EXPERIMENTAL DATA 
FOR MAJOR NEUTRON-INDUCED INTERACTIONS (Z > 55] 
D. E. CuUen, R. C. Haight, R. J . Howerton, 
M. H. MacGregor, and S, T . Pe rk ins 
MS, date : April 1, 1974 
- N O H C f -
TIti* KfOM WM p 10 pat ad BJ an MCDURI «>f t*oiti 
*pt>ftMW«d ton (he fails*! SUlei <«»*«fm»eui. Nflllhel 
Ilm tJniuJ ,Mi(c» nMr (he t?ni!ed Sulci Aiamic fcocjfy 
ComittU»*tm, nut anr «if (how ct«[»lc»j-eFK ntf an* «f 
iftstt *,«>A[f4rt«:». »u&;«nffa**Q|», of Uisir vnftufoei. 
ma*e» anj ut;tirar;iv, «»pt«i5o* ImfticJ. ov j i tumci aor 
lef j l Iiat'4'.ly w rcifT"fl»it ,1 , !F ' o f l l l p acc«ra<r. tf""' 
plcistnu. »t unrfolncti. ti( anj tnff»*«taiiu». apra*>,w»-
pjirjiKt «r pr«ccjt i(»tJm«J, at ( cpu j i r i * i tui ti» »« 
m»vtJ UP l infitffc j't Haiti > u*n(d rlj"t>[*. 
SISTR(BL.Ti.>I-. Ui 
mm i m 
. \ 1 !o UiMLIjrjnT, 
Foreword 
The UCRL-50400 s e r i e s descr ibes an 
integrated and computer-oriented system 
for the production and application of neu-
tronics and photonics calculational 
constants . 
The sys tem must supply re l iable up-
to-date data, select specific types of data 
on request , provide output in a var ie ty of 
forms — ult imately in the form of input to 
other computer codes, and function r a p ­
idly and efficiently. The system has now 
been developed to a point where these 
goals a r e being real ized. 
The UCRL-50400 s e r i e s . An Integrated 
System for Production of Neutronics and 
Photonics Calculaiional Constants, com­
p r i s e s the following volumes! 
• Vol, 1, ECST.L, A System for S to r ­
age, Retr ieval and Display of E x ­
perimental Neutron Data, March 
1974. 
• Vol. 2, A Bibliography of the Ex­
perimental Data of Neutron-Induced 
Interact ions, March 1974. 
• Vol, 3, An Index of the Exper imen­
tal Data of Neutron-Induced In te r ­
actions, March 1974. 
• Vol. 4, Evaluated Nuclear C r o s s -
Section Library , Apri l 1971. 
• Vol. 5, CLYDE: A Nuclear Data-
Process ing Computer P r o g r a m for 
Producing Calculational Constants, 
May 1971. 
Vol. 6, Photon C r o s s Sections 
1 keV to 100 MeV, October 1968, 
Vol. 7, Graphical Experimental 
Data for Major Neutron-Induced 
Interact ions, April 1974. 
Vol. 8, Graphical Experimental 
Data for Supplemental Neutron-
Induced Interactions, to be pub­
lished. 
Vol. 9, Thresholds of Nuclear 
Reactions' Induced by Neutrons, 
Photons, Deuterons, Tr i tons , and 
Alpha P a r t i c l e s . September 1970. 
Vol. 10, Tabulated Experimental 
Data for Neutron-Induced In te rac­
tions, May 1974. 
Vol, 11, Experimental Data. In­
dexes and Techniques of Obtaining 
a Selected Set of Neutron Reso ­
nance P a r a m e t e r s , May 19'<2. 
Vol. 12, An Atlas of Resolved Neu­
t ron Resonance P a r a m e t e r s , July 
1972. 
Vol. 13, An Atlas of Unresojyed 
Neutron Resonance P a r a m e t e r s , 
September 1972. 
Vol. 14, TARTNP: A Coupled 
Neutron-Photon Monte Car lo T r a n s ­
port Code, June 1974. 
GRAPHICAL, EXPERIMENTAL DATA 
FOR MAJOR NEUTRON-INDUCED INTERACTIONS 
Abstract 
The total, elastic, capture and fis­
sion cross sections, contained in the 
Experimental Cross Section Information 
Library (ECSIL) as of March 1, 1974, 
are presented in graphical form. For 
the sake of clarity, these data are plot-
In 1958, a computerized system for 
the storage and retrieval of experimental 
neutron-interaction data was installed at 
Lav/rence Livermore Laboratory. The 
system has developed gradually and it is 
still being improved. 
The present system is made up of 
two separate files: A numeric data file 
and a bibliographic information file. The 
two files are linked through the use of a 
four digit number which is uniquely 
assigned to each reference. 
In 1959 and 1960, tabulations of inte­
grated and differential neutron cross sec­
tions below 15 MeV were published. 
Volumes 7 and 8 present graphs of 
all cross sections contained in ECSIL. 
—% 
As opposed to angular distributions 
and energy distributions. 
ted without associated error bars. The 
plots are arranged in ascending order 
of atomic number (Z) and atomic weight 
(A). Part A contains the plots for Z 
= 1 to 55, and Part B contains the plots 
for Z > 55. 
Since that time the number of entries in 
the system has increased by more than 
an oruer of magnitude. Consequently, 
there is too much data in the current 
library (almost one million data points) 
to publish tabulations of this information; 
the resulting volumes would be prohibi­
tively expensive and bulky. However, by 
o presenting the data in graphs and on 
3 
microfiche, we can s i g n i f i c a n t l y 
reduce the expense and the bulk. 
Moreover, the reduction in bulk means 
4 that indexes and b ib l i o g r a p h i e s can 
be added to help in the manipulation of 
the data. 
Volume 7 consists primarily of interac­
tions where a single data set contains 
enough points to show cross section be­




where more than one data set is 
needed to show c ross section behavior. 
Thus, the total, e las t ic , capture and f is­
sion c r o s s sections; and the pa rame te r s 
V, a and n a r e found in vol. 7. All other 
reactions a r e in vol. 8. 
The present ECSIL l ibrary contains 
985 158 points, of which 823 508 points 
are c ross sect ions. Of these points 
790 694 (over 96%) a re total, e last ic , 
capture, fission, "v, a or r> and a re , t he re ­
fore, contained in vol. 7. The remaining 
32 814 points a re contained in vol. 8. 
Although vol. 7 contains the vast majority 
of the data points, the division of data 
se ts between the two volumes is more 
equitable: 4612 in vol. 7, and 4113 in 
vol. 8. 
In this volume each data set is plotted 
separate ly . The plots a r e arranged in 
ascending atomic number (Z) and atomic 
weight (A) (see ECSIL conventions for 
compounds and special mate r ia l s ) . 
Within each mater ia l the react ions a re 
This volume is closely related to 
other volumes in the UCRL-50400 s e r i e s 
and can be used to determine whether 
experimental data a re available for a 
given target and reaction. The following 
volumes provide other paths to the 
information: 
Volume 1 d e s c r i b e s the format 
and conventions associated with the 
A data set in this context is the data 
from a given reference, for a single 
target and re:*°' ;ou. 
ar ranged in the o rder : total, e las t ic , 
fission, capture, v, a, and n. Fo r each 
reaction, the plots a r e ar ranged in 
ascending least energy o rde r (identical to 
the o rde r in the data indexes, vol. 3). 
The reference number and year of the 
reference appear to the left of each plot 
(e .g . , ECSIL-3327 (68) indicates ECSIL 
reference number 3327 and that the ref­
erence is date J 1968). 
Any reference that contains a large 
number of points is f irst plotted as a 
single entity and is then followed by a 
number of subplots that slightly overlap 
in energy. Each subplot is chosen to 
contain an acceptable number of data 
points . 
Any reference that contains l ess than 
four points is not plotted. Points from 
these references a re listed at the end of 
each mater ia l (ZA) in the following order : 
total , e las t ic , fission, capture, v, a, and 
n. Within each react ion they a re l isted 
by ascending incident energy. 
l ibrary, as well as the supporting 
system of p r o g r a m s . The forms 
( e . g . , plots and listings) and the 
order in which data and bibliographic 
information may be obtained a r e also 
given. 
Volume 2 contains bibliographic in­
dexes that can be used to determine 
whether a specific reference is included 
in the ECSIL system, and which exper i ­
mental data a re associated with the 
reference. 
Relationship to Other Volumes 
.! .1 
t l I li 
as 
Volume 3 l i s ts data indexes that 
may be used to determine the data in 
the l ib ra ry for a given isotope or 
react ion. 
Volume 8 is a graphical presentat ion 
of all other integrated (as opposed to 
angular distribution) c r o s s sect ions , 
including (N,N') andfN.iy), etc. 
Volume 10 c e n t a l t the integrated 
c r o s s sections tabu. _ d on microfiche. 
Volume 11 l is ts the . idexes and tabulated 
resonance pa rame te r s contained in ECSIL. 
Volume 12 l i s ts selected tabulated 
resolved resonance p a r a m e t e r s . 
Volume 13 l i s t s selected tabulated 
unresolved resonance p a r a m e t e r s . 
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ECSIL Conventions 
The ECSIL Data System describes 
experimental neutron-inducrd cross 
sections and related information by 
indicating: 
• Target — The ZA number is used to 
describe the target. There are several 
special conventions. For example, 
A is set equal to zero for elemental 
mixtures. For compounds, the Z of 
the element that appears first in the 
molecular formula is used, and A is 
defined as 300 plus the molecular weight 
(e.g., HgO is assigned Z = 1 and A = 318). 
For unstable targets, the longest-lived 
isomer is assigned to the ZA of the tar­
get; short lived isomers are assigned the 
Z of the target, and A is defined as 600 
plus the A of the target (e. g., *°Am is 
assigned Z = 95 and A = 842). See 
Table 1 for complete list of compounds 
and special isotopes. 
• Interaction — A numerical equivalent 
is used to d e s i g n a t e the interaction: 
total, elastic, capture, etc. In ECSIL 
this numerical e q u i v a l e n t is re­
ferred to as the bssic C number. 
Table 2 gives a complete list of all 
basic C numbers. 
• Interaction Property — A numerical 
equivalent designates the interaction 
properties that are measured, such as 
cross section, angular distribution, or 
energy distribution. In ECSIL this nu­
merical equivalent is referred to as the 
C increment number. The total C num­
ber used to describe the interaction and 
its property is the sum of the C number 
increment and the basic C number [e.g., 
11 indicates the total {N,N') ross section, 
whereas 311 indicates the (N,N!) second­
ary neutron energy spectrum]. Table 3 
gives a complete lis: of all C number 
increments. Table 4 lists miscellaneous 
quantities that are not included in the 
basic C, C increment scheme. 
• Interaction Modifier —A numerical 
equivalent is used to further qualify or 
describe the interaction. This quantity 
indicates conditions such as target tem­
perature, the cross section for excitation 
of one or more levels of the residual 
nucleus, and the cross section for pro­
duction of one or more photons. In 
ECSIL this numerical equivalent is r e ­
ferred to as the S number. Table 5 gives 
a complete list of all S numbers. 
- V I -
Table 1, Compounds and special isotopes 







1302 H 2 (gas) 14360 S i o 2 
1308 H 2° 16364 so 2 
1320 D 2 0 22349 T i H 0 . 6 
5370 
6328 
B 2 ° 3 
C 2 H 4 
22350 
26460 
T i H 1 . 9 
F e 2 0 3 





C 6 H 6 
C 6 H 1 2 
C 6 H 1 4 





Z r H 0 . 6 3 
Z r H 0 . 9 8 
Z r H 1 . 5 
Z r H 1 . 9 8 
6404 C 8 H 8 40423 Z r 0 2 
6652 C 2 5 H 5 2 60636 N d 2 0 3 
7328 N 2 (gas ) 61748 1 4 8 « P m 
7353 NH 4 C1 82999 RADIO-Pb 
7398 N H 4 B r 92570 uo 2 
7445 NH 4 I 95842 2 4 2 g A m 
8332 
12340 




2 4 4 e A m 
2 5 4 m E s 
13402 A 1 2 ° 3 
•miMMiiiiM millMiii ill Will 111 I III lilfflllll llllllll III!! |||||||MIIIIII!!IIIII!!II!!!!!!!!!!!!! 
T a b l e 2, B a s i c r e a c t i o n d e s i g n a t o r ( b a s i c C ) . 
B a s i c Basic 
C Cross section type C Cross section type 
1 Total 26 (N,P) 
2 Elast ic 27 (N,XP) 
3 Nonelastic 28 (N,D) 
4 Neutron emiss ion (elastic 29 (N,XD) 
+ nonelastic) 30 (N.T) 
5 Total scat ter ing (inelastic 
+ elast ic) 31 (N.XT) 
(N, 3He) 
(N,X 3He) 
C Neutron none ast ic emiss ion 32 
7 Removal 33 
8 34 (N,a) 
9 35 (N,Xo> 
10 36 Activation 
11 (N,N') 37 (N,2or) 
12 (N,2N) 38 — 
13 (N,3N> 39 — 
14 (N.N'P) 40 — 
15 (N.N'D) 41 Bound atom 
IK (N,N'T) 42 F r e e atom 
17 (N,N', 3 He) 4 3 Coherent sca t ter ing 
IK (N,l\",<y) 44 Incoherent scat ter ing 
HI (N,4N) 45 — 
20 — 46 ~v prompt neutrons per fission | (average) 
21 Absorption 47 ~v ,, delayed neutrons per fission 
22 (N, fission) (average) 
2;-! (N.7) 48 il, neutrons produced per non-
24 (N ,XT) gamma - ray production elastic 
25 (N,X) charged -par t ic le emiss ion 40 a, capture-to-f iss ion ratio 
- vi i i -
fable 3. Reaction designator increments (C increment) . 
C 
increment 
Reaction proper ty 
(units) Definition 
0 Integrated c r o s s sections a 
(barns), or related pa rame te r s 
50 Spectrum-averaged c r o s s s e c - c 
tion (barns) 
100 a Angular distr ibutions (ba rns / a<E,6) 
steradiah) 
200 Energy distr ibutions (barns / o(E,E') 
MeV) 
250 Angular distributions integrated o(E,<> 
between fixed angular l imits 
(barns) 
300 Differential energy distr ibutions o(E,E',fl), . 
(barns /s teradian MeV) 
350 Par t i a l distr ibutions integrated 
between fixed energy and angular 
l imits (barns) 
400 Energy distributions integrated 
between fixed energy l imits 
(barns) 
450 Legendre expansion of angular 
distributions — g.(E) (dimen-
sionless) 
• .6 ) , i. mat' max lab 
o t E , E ' m i n ' K ' m a x ' 0 m i n , 0 m a x ) t a b 
o ^ m i n - S W 
o(E,0) = o(E) £ = | ~ i - g / ( E ) P i t e o S 0) 
i=0 
.E 
500 Resonance integrals (barns) R.I. •L o(E) 
dE 
IT 
550 Pol&rization (dimensionless} 
600 Par t ia l distributions integrated 
between fixed-energy l imits 
(barns /s te radian) 
650 Par t i a l distr ibutions integrated 
between fixed angular l imits 
(bams/MeV) 
800 C/S rat ios (dimensionless) 
900 Misrellaneous quantities 
P(E,0) 
° < E ' E m l n - E » . * - e > l . b 
° < E ' E - W W l a b 
See: Table -i 
Angular distributions for all unique two-body reactions a r e expressed in the cen te r -
of-mass sys tem. Multibody react ions a re expressed in the laboratory frame of 
reference. 
Table 4. Hcaction designator for miscellaneous quantities. 
C Spectra parameter* 
901 Nuclear temperature, noneiastic (excluding fission) 
902 Nuclear temperature, total nonelaslic 
903 Nuclear temperature, fission 
904 Nuclear temperature, inelastic tfirsl neutron) 
905 Nuclear temperature (second neutron) 
Thermal parameters 
911 Thermal scattering law, S(o,<3) 
Average resonance parameters 
941 observed 944 ml n 942 943 *t 
943 94 6 *. 
Resolved resonance parameters 
951 K (energy jnly) 965 •> 979 V. 
952 J,» 966 « r n 9S1 «oV r t 
953 I 967 grg 982 ' . V l 
954 e 96B <ry 983 ' o V l 
9S5 "o 969 V i 9Q6 g r 7 r n / r t 
9SG r t 970 V. 907 2gr2/r t 957 r n 97 i V t 908 r?'o 
958 r n 972 r n ' r a 9B9 B rS rf 
959 ^ 973 V r i 990 e r f V r t 
960 r f 97* v r. 091 " 0 r f r , 
961 r 975 V r f 992 rg r f / r t 
962 r 
a 
976 V o 993 g ( r n )
2 
D63 V 977 r«"o 994 " n 7 
964 «r„ 970 Vo 





1 Level excitation (MeV) 
2 Isomer production (seconds) 
3 Isomer production (minutes) 
4 Isomer production (hours) 
5 i somer production (days) 
Isomer production (years) 
7 Photon production (MeV) 
8 Unresolved level excitation (MeV) 
Material tempera ture (Kelvin) 
10 Unresolved photon production 
(MeV) 
11 Spin state (dimensionless) 
12 Isotope bound in mater ia l 
(dimensionless) 
13 Oriented crysta l (Miller number) 
14 Electron production (MeV) 
20 Transmiss ion measurement 
(barns/a tom) a 
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REEERENCE ENERGY DELTA X-SEC DELTA RErERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS MEV MEV BARNS BARNS 
60 576 4 .1000+ 0 I.0000- 1 4.3000+ 0 i.0000- 1 58 324 1.5600+ 1 .3000- 1 4.9700+ 0 1 .0000- 1 
58 324 1 .3)40+ 1 5.0000- £ 5.0110+ 0 9.0010- c 61 233 2.8400+ 1 4.0900+ 0 4 .0000- 1 
58 81 ) 4000+ 1 5.1710+ 0 I.0000- 1 50 281 4.2000+ 1 .0000+ 0 3.5700+ 0 1 .2000- 1 









REFERENCE ENERGY DELTA X-SEC DELTA 
HEV MEV BARNS BARNS 
64 870 5.0000- I 5.0000- 2 6.5800+ 0 3.4000- 1 
63 1750 6.5000- I 5.9400+ 0 2.6000- 1 
64 870 8.0000- J 5.0000- 2 5.V900+ 0 2.3000- I 
54 103 1.0000* 0 8.0000- 2 6.6000+ 0 9.9000- I 
65 1509 2.0000* 0 5.0000- 2 6.6000+ 0 
60 576 4.1000* 0 1.0000- 1 2.5000+ 0 3.00Q0- I 
03 /0 1/74 N,GAMMA 56-BA-NAT 
REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS 
63 1 3 .0000- 2 8 .0010- 3 6 .1010- 2 5 .5010- 3 
63 I 6 . 5 0 0 0 - 2 2 . 1 0 0 0 - 2 3 . 3 0 0 0 - 2 3 . 0 0 0 0 - 3 
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FER IENCE ENERGY OELTA X-SEC OELTA 
MEV MEV BARNS BARNS 
47 888 2.5300- 8 5.1100- 1 1.0220- 1 
58 43 2.1000- 2 4 0000- 3 8.4010- 3 4.0000- 4 
66 !788 2.4000- 2 7.0000- 3 1.0000- 3 
57 305 2.4000- 2 5 0000- 3 1 .1400-2 1.1000- 3 
59 526 1 .S500- 1 1 5000- 2 3.2000- 3 3.0000- 4 
59 363 2.0000- ' 1 5000- 2 5.1600- 3 8.0000- 4 58 1044 2.5000* J 1.1000- 3 5.0000- 4 
58 363 2.7000* 0 1.1400- 3 2.3000- 4 
68 337^ 2.90D0+ 0 2 0000- 1 3.0000- 3 4.0000- 4 
67 1991 3.0000* 0 2 onoo- 1 1.2000- 3 2.0000- 4 
58 1044 3.1000* 0 1.0000- 3 4.0000- 4 
58 1044 4.0000* 0 7.4000- 4 3.0000- 4 
58 363 4.0000* 0 7.8000- 3 2.4000- 4 
57 521 1.4500* 1 1.3000- 3 4.0000- 4 
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DELTA X-SEC DELTA 
MEV BARNS BARNS 
2.7000* I 3.0000+ 0 
3.7000- 1 4.0000- 2 
REFERENCE ENERGY DELTA X-SEC OELTA 
MEV MEV BARNS BARNS 
56 9 4.0000- 1 9.0010- 2 2.2000- 1 1.3000- 2 
REFERENCE ENERGY 
MEV 
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MEV BARNS BARNS MINUTES 
6.4000- 3 6.0DD0- 4 1.6000+ 1 
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0 3 / 0 1 / 7 4 TOTAL 79-AU-197 
REFERENCE ENERGY DELTA X-SEC DELTA REFERENCC ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS MEV MEV BARNS BARNS 
71 3 ) 1 0 2 . 5 3 0 0 - 8 1 .0350* 2 2 .5000+ 0 49 844 3 . 0 0 0 0 - 4 3 . 0 0 0 0 - 5 1.0800+ 1 
54 2651 2 . 5 3 0 0 - 8 I . 0 5 0 0 + = 1.0000+ 0 5 5 296 4 .1000+ 0 4 . 0 0 0 0 - 2 7 .1010+ 0 2 0 0 0 0 - 1 
65 949 1 . 4 4 0 0 - 6 3.0900+ 1 2 . 0 0 0 0 - 1 52 81 1.4000+ 1 5 .3110+ 0 1 1000- I 
49 844 1 . 1500- 4 1 . 1 5 0 0 - 5 1.0600+ 1 
9-1 IB 79-AU-197 - 1 4 
0 3 / 0 1 / 7 4 ELASTIC 7 9 - A U - I S 7 
CROSS SECTION 
REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV dARNS BARNS 
56 149 5.0000- 1 6.Q010- 2 5.4010* 0 5.0000- 1 
FER ENCE ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS 
47 888 2.5300- 8 9.6400* 1 9.6400* 0 
66 1990 2.5300- 8 9.85D0+ 1 2.0000+ 0 
57 23 2.1000- 2 4.0000- 3 8.7010- I 1.9000- 1 
58 43 2.1000- 2 4.0000- 3 9.34 10- 1 6.0010- 3 
65 867 2.4000- 2 5.0000- 1 3.5000- 2 
57 305 2.4000- 2 5.0000- 3 1.1200* 0 1.1000- 1 
62 697 2.5000- 2 5.0000- 3 8.0010- 1 2.8000- 1 
60 639 2.5CCC 2 5.0000- 3 5.8510- 1 6.0010- 2 
60 633 2.5000- 2 i.0000- 3 6.0510- 1 3.0000- 1 
66 1955 3.0000- 2 1.0000- 2 6.0000- 1 1.2000- 2 
63 739 3.0000- 2 . 5.1300- 1 1.0260- 1 
61 684 3.0000- 2 8.0010- 3 7.6710- 1 6.00)0- 2 
63 1 3.0000- 2 8.0010- 3 5.1510- 1 4.6000- 2 
61 684 3.1000- 2 5.3010- I 6.0010- 2 
66 1955 6.4000- 2 3.5700- I 1.4000- 2 
61 684 6.4000- 2 2.0000- 2 4.5600- I 4.0000- 2 
REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS 
54 103 1.0000* 0 8.000O- 2 4.1000+ 0 6.1500- 1 
FEB ENCE ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS 
63 1 5.5000- s 2.1000- 2 3.3200- 1 3.0000- 2 67 1807 1.2500- 1 2.3000- 2 2.7250- 1 1.5300- 2 
67 1807 1.5000- 1 2.1000- 2 2.5250- 1 1.8200- 2 
59 607 1.5000- 1 1.5000- 2 2.7000- 1 1.8000- 2 
59 524 1.8000- 1 4.0000- 2 3.1000- 1 3.0000- 2 
67 1807 1.8200- 1 2.1000- 2 2.3060- 1 1.5900- 2 
59 526 1.9500- 1 1.5000- 2 3.2000- 1 2.0000- 2 
56 363 2.0000- 1 3.8000- 1 2.5000- 2 
60 633 2.2000- 1 2.0000- 2 3.3000- 1 3.0000- 2 
59 607 5.5000- 1 3.0000- 2 1.1800- I 8.0010- 3 
59 607 1.0000+ 0 3.0000- 3 9.7010- 2 1.3000- 2 
44 260 1.7300+ 0 7.0010- 2 8.8010- 2 1.8000- 2 
67 1991 3.0000+ 0 2.0000- 1 3.5200- 2 3.0000- 3 
44 260 3.0000+ 0 7.O010- 2 4.9000- 2 1.0000- 2 
71 3194 1.4000+ 1 9.3800- 4 2.3450- 4 
0 3 / 0 1 / 7 4 FISSION 79-AU-197 
REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS 
55 461 3.8000+ 2 2.0000- 2 
0 3 / 0 1 / 7 4 - N,GAMMA 79-AU-197 
9-119 79-AU-197 - 1 5 
03/01/74 TOTAL 79-AU-198 
CROSS SECTION 
REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS 
63 2553 2.5300- B 2.5600+ >• 1.2800* 3 
03/01/74 N.GAMMA 79-AU-198 
REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS 
51 28l*'« 2.5300- 8 i.8000* •• 
9-120 
79-AU-198 -1 
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"TERENCE ENERGY DELTA X-SEC DELIA REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS MEV MEV BARNS BARNS 
49 B44 1 15D0- 4 1 1500- 5 !.3600* 1 52 81 1 4000+ 1 5 3610* 0 1 1000- 1 
49 844 3 0000- 4 3 0000- 5 1.3200* 1 4 5 307 2 5400* 1 5 2500+ 0 5 2500- 1 
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M E V MEV BARNS BARNS 
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80-HG-196 -1 
0 3 / 0 1 / 7 4 N GAMMA '?' 80-HG-20E CROSS SECTION 
REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS 
57 305 5.4000- 2 5.0000- 3 5.7010- 2 1.3000- 2 
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03/01/74 TOTAL 82-PB-NAT 
REFERENCE ENERGY DELTA X-SEC DELTA REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS MEV MEV BARNS BARNS 
65 949 1.4400- 6 1.1310+ 1 6.0000- 2 69 2988 1 .4800 + 1 5.H00+ 0 2.5550- 1 
49 844 1.1500- 4 1 1500- 5 1 . 1100+ 1 57 368 1.4800+ 1 5.2810+ 0 1.5000- I 
49 844 3.0000- 4 3 0000- 5 1.0700+ 1 53 274 1.9000+ 1 3 3000- 1 5.9610+ 0 1.8000- 1 
41 170 9.0000- 1 6.8300+ 0 4.0000- 1 50 281 4.2000+ 1 1 0000+ 0 4.4400+ 0 5.0000- 2 
53 297 3.7000* 0 2 0000- 1 7.6010+ 0 7.6010- 1 54 343 4.7500' I 2 0000+ 0 4.4600+ 0 1.0000- 1 
67 1643 4.0000+ 0 5 0000- 2 7.4900+ 0 2.0000- 1 54 343 8.80004 i 2 0000+ 0 4.3800+ 0 4.0000- 2 
55 295 4.1000+ 0 4 0000- 2 7.8010+ 0 2.0000- 1 49 286 9.0000+ 1 4.5300+ 0 9.0010- 2 
69 2025 6.9400+ 0 5 0000- 1 7.3900+ 0 2.7000- 1 50 12 9.5000+ I 4.4800+ 0 3.0000- 2 
55 116 1.2800+ 1 5.2010+ 0 55 2056 1.4000+ 3 p 0000+ 2 3.2100+ 0 9.6300- 2 
51 65 1.39D0+ 1 J 0000 + 0 4.9700+ 0 2.7000- ) 70 3195 3.8000* 3 3.0710+ a 7.9000- 2 63 766 1.3980+ 1 5 0000- 2 5.2700+ 0 7.0000- 2 61 1556 5.0000+ 3 4 0000+ 2 2.5340+ 0 1.0500- 1 
6? 1740 1.4000+ 1 5.4000* 0 3.0000- 2 69 316G 5.7000+ 3 6 0000+ 2 3.2400+ 0 b.OOOO- 2 
52 207 1.4000+ 1 5.1010+ 0 4.0000- 1 62 1657 8.3000+ 3 2.5560+ 0 1.0000- 1 
52 61 1.4000+ 1 5.4810+ 0 1.1000- t 68 2350 2.7000+ 4 2.6300+ 0 1.2000- 1 
10-35 82-PB-NAT -15 
03/01/ /4 ELASTIC S2-PB-NAT 
CROSS SECTION 
TEF IENCE ENERGY OELTA X-SEC DELTA 
KEV rev BARNS BARNS 
•50 596 2 . 2 0 0 0 - 1 8 . 7 9 1 0 * 0 
64 2338 3 . 0 0 0 0 - 1 2 . 5 0 0 0 - 2 6 . 7 8 0 0 * 0 4 . 5 0 0 0 - 1 
64 370 5 . 0 0 0 0 - 1 5 . 0 0 0 0 - 2 5 . 8 9 0 0 * 0 2 . 2 0 0 0 - 1 
6 3 1750 6 . 5 0 0 0 - 1 5 . 8 5 0 0 * 0 1 .6000- 1 
64 870 8 . 0 0 0 0 - 1 5 . 0 0 0 0 - 2 5 . 8 5 0 0 * 0 1 .7000- 1 
54 103 1 .0000* 0 8 . 0 0 0 0 - 2 4 . 7 0 0 0 * 0 7 . 0 5 0 0 - 1 
54 103 1 .0000* 0 8 . 0 0 0 0 - 2 4 . 6 0 0 0 * 0 6 . 9 0 0 0 - 1 
59 1719 3 6 7 0 0 * 0 1 .2000 - 1 4 . 8 0 0 D * 0 4 . 0 0 0 0 - 1 
64 1643 4 . 0 0 0 0 * 0 5 . 0 0 0 0 - 2 5 . 7 0 0 0 * 0 4 . 0 0 0 0 - 1 
59 1719 4 . 2 1 0 0 * 0 ' . 0 0 0 0 - 1 5 . 2 0 0 0 * 0 5 . 0 0 0 0 - 1 
59 1719 4 . 7 0 0 0 * 0 9 . 0 0 0 0 - 2 5 . 4 0 0 0 * 0 5 . 0 0 0 0 - 1 
5 6 21 1 .0000* 1 2 . 0 2 0 0 * 0 
58 403 1.4500+ 1 2 . 8 3 0 0 * 0 1 .4000- 1 
N ,GAMMA 03/01/74 82-PB-NAT 
REFERENCE ENERGY OELTA X-SEC DELTA 
MEV MEV BARNS BARNS 
SO 639 2 . 4 0 0 0 - 2 2 . 0 0 0 0 - 3 3 . 0 0 0 0 - 3 9 . 0 0 1 0 - 3 
61 677 3 . 0 0 0 0 - 2 7 . 0 0 1 0 - 3 3 . 0 0 0 0 - 3 3 . 0 0 0 0 - 3 
63 1 3 . 0 0 0 0 - 2 8 . 0 0 1 0 - 3 3 . 0 0 0 0 - 3 4 . 0 0 0 0 - 3 
61 677 6 . 5 0 0 0 - 2 2 . 0 0 0 0 - 2 I . 0 0 0 0 - 3 2 . 0 0 0 0 - 3 
6 3 1 6 . 5 0 0 0 - 2 2 . 1 0 0 0 - 2 1 .0000- 3 3 . 0 0 0 0 - 3 
03/01/74 NEUTRONS/NONELAST1C EVENT 82-PB-NAT 
REFERENCE ENERGY DELTA RATIO DELTA 
MEV MEV 
58 877 1.4000* 1 1.9200* 0 =.0000- 1 
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03/01/74 TOTAL 82-PB-204 
REFERENCE ENERGY 
MEV 
67 1869 I.4200* I 
DELTA X-SEC DEL'A 
MEV BARNS BARNS 
5.4300* 0 6 .0000- 5 
0 3 / 0 1 / 7 4 N,GAMMA 82-PB-204 
REFERENCE ENERGY DELTA 
MEV MEV 
71 3220 1 .9500 - 3 7 . 0 0 0 0 - 4 
X-SEC DELTA 
BARNS BARNS 
1.8000+ 0 5 .0000- 1 
FE *ENCE ENERGY DELTA X-SEC DELTA E-PHOTON 
MEV MEV BARNS BARNS MEV 
71 3250 . 9 5 0 0 - 3 7 . 0 0 0 0 - 4 ' . 0 0 0 0 - 2 1 .0000 - 2 4 .6158+ 0 
71 3220 . 9 5 0 0 - 3 7 . 0 0 0 0 - 4 1 .O000- 1 1 . 0 0 0 0 - 2 4 .8151+ 0 
71 3220 . 9 5 0 0 - 3 7 . 0 0 0 0 - 4 2 . 0 0 0 0 - 1 2 . 0 0 0 0 - 2 4 .9853+ 0 
71 3220 . 9 5 0 0 - 3 7 . 0 0 0 0 - " 1 . 5 0 0 0 - 1 4 . 0 O 0 0 - 1 5 .1158+ 0 
71 3220 . 9 5 0 0 - 3 7 . 0 0 0 0 - 4 1 .3000 - 1 2 . 0 0 0 0 - 2 5 .9292+ 0 
71 3220 . 9 5 0 0 - 3 7 . 0 0 0 0 - 4 2 . 6 0 C 0 - 1 5 . 0 0 0 0 - 2 6 . 1 5 7 2 + 0 
71 3220 . 9 5 0 0 - 3 7 . 0 0 0 0 - 4 4 . P 0 0 0 - 2 1 . 0 0 0 0 - 2 6 . 4 7 1 6 * 0 
71 3220 .9500 - 3 7 . 0 0 0 0 - 4 4 . 5 0 0 0 - I G . 0 0 0 0 - 2 6 .7312+ 0 
10-37 82-PB-204 -1 
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REFERENCE ENERGY DELTA X-SEC DELTA REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV 8ARNS BARNS MEV MEV BARNS BARNS 
65 949 1.4400- 6 9.1000+ 0 5.0000- 2 52 207 .4000+ 1 5.2010+ 0 5.0000- 1 
55 1471 4.8970- 6 9.3300* 0 4.2000- £ 55 262 .4000+ 1 5.3310+ 0 8.0010- 2 
49 844 1.1500- 4 1.1500- 5 9.2810* 0 52 81 .4000+ 1 5.4610* 0 1.1000- 1 
49 844 3.0000- 4 3.0000- 5 1.0600* 1 67 1863 .4200+ 1 5.3300+ 0 4.0000- 2 
57 2330 2.2000- 1 7.9200* 0 5.0000- 2 57 36B .4800+ 1 5.3310+ 0 8.0010- 2 
54 303 3.7000* 0 1.0000- 1 8.3010* 0 1.2000* 0 53 274 .9000* 1 3 3000- 1 5.6910+ 0 1.7000- I 
67 1643 4.0000* 0 5.0000- 2 7.5200* 0 2.3000- ) 50 281 4.2000+ 1 1 0000+ 0 4.5800+ 0 6.0010- 2 
55 296 4.1000+ 0 4.0000- 2 7.9010+ 0 2.0000- 1 55 2056 .4000* 3 2 0000+ 2 3.2800+ 0 9.8400- 2 
0 3 / 0 1 / 7 4 ELASTIC 83-BI-209 
REFERENCE ENERGY DELTA X-SEC DELTA REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV SARNS BARNS MEV MEV BARNS BARNS 
60 596 2.2000- 1 8.2310+ 0 59 579 4.2100* 0 1 0000- 1 4.7000+ 0 8.0010- 1 
64 2338 3.0000- 1 2.5000- 2 7.1100+ 0 4.6000- 1 65 889 6.0400+ 0 2 .3000- 1 3.4000+ 0 5.0000- 1 
64 870 5.0000- ! 5.0000- 2 6.4000+ 0 2.2000- 1 69 2890 6.0900+ 0 3.2200+ 0 1.6000- 1 
64 870 8.0000- 1 5.0000- 2 5.3000+ 0 1.6000- 1 69 2890 7.0500+ 0 2.9900+ 0 1.5000- 1 
54 103 1.0000+ 0 8.0000- 2 4.BO00+ 0 7.2000" 1 69 2890 8.0500+ 0 2.7000+ 0 1.4000- 1 
65 1509 2.0000+ 0 5.0000- 2 6.3000+ 0 56 21 1.0000+ 1 2.2300+ 0 
64 1643 4.0000+ 0 5.0000- 2 5.7000+ 0 4.0000- 1 60 631 1.4600+ 1 1 .0000- 1 2.7100+ 0 2.4000- 1 
0 3 / 0 1 / 7 4 FISSION 83-BI-209 
REFERENCE ENERGY DELTA X-SEC DELTA REFERENCE ENERGY DELTA X-SEC DEL. A 
MEV MEV BARNS BARNS MEV MEV BARNS BARNS 
65 1976 -4800+ 1 2.0000- 1 3.5000- 8 .0000- 8 55 461 3.S000+ 2 7.4000- 2 
55 461 •2000+ 2 3.6000- 2 





3 .0000- 2 
DELTA 
MEV 
8 . 0 0 1 0 - 3 
X-SEC DELTA 
6-.RNS BARNS 
. 0 0 0 0 - 3 5 . 0 0 0 0 - 3 
REFERENCE ENERGY DELTA 
MEV MEV 
63 I 6.5000- 2 2.1000- 2 
X-SEC DELTA 
SARNS BARNS 
.0000- 3 4.0000- 3 
10-61 83-BI-209 -14 
C3/01/74 N,GAMMA 83-BI-209 
CROSS SECTION 
IFERENCE ENERGY DELTA X-SEC DELTA HALF-LIFE 
MEV MEV BAP' BARNS DAYS 
47 88B S .5300- 8 1 .5000- 2 3 .0000- 3 5.0000* 0 
57 23 2 . 1000- 2 4 .0000- 3 1 .8000- 3 7 .0010- 4 5.0000+ 0 
61 677 3 .0000- 2 7, .0010- 3 1 .0000- 3 4. 0000- 3 5.0000+ 0 
61 677 6. .5000- 2 2 .0000- 2 4 .0000- 3 3. .0000- 3 5.0000+ 0 
60 674 4 .0000- 1 9. .ooio- a 2 .0000- 3 3. .0000- 3 5.0000+ 0 
57 521 1 .4500+ 1 1 .5000- 3 2. .0000- 4 5.000C+ 0 
67 1695 1 .4700+ ! 1 .2000- 3 2 .0000- 4 5.010U+ 0 
03/01/74 NEUTRONS/NONELASTIC EVENT 83-BI-209 
REFERENCE ENERGY DELTA RATIO DELTA 
MEV MEV 
58 B77 1.4000+ 1 1.8800+ 0 2.0QOO- 1 
10-62 83-BI-209 -15 
03/01/1H TOTAL 
CROSS SECTION 
6 8 ) 5 7 4 6 8 I 0 6 
MEV 
4 6 8 l 6 5 
88-RA-226 
j ' • i • ' . , , " i ' '] ' ' ., .. " " • " • " I - • • - • • • ' • : -— * (0 
U) t - ~ w 
—' • CO • 
0) 
! : "i 
1 
i — > 
(D 
C ) " " ' • . * • ' * . - * • . . . . . " • * ' - • '. s. t Id f • i . > « n J . . _ . .. , • • • • • • . 1 - * . .1 . . . . l . ^ . l . * — ! . J - . 1 . J , : 
! 0 " 
in 
< 








 — r • • 
0 











-' , , : 
10' 
MEV 





to z a. < 
CQ 








1 ' ' 1 -1—1 • 1 ' * " < • • ! • • • ' - p - r - . - r - r . . . . . . -^ T - 1 u 
r- • • t£ 
m • 
0 0 » o o a 











m z cc < 
CD 
0 3 / 0 1 / 7 4 N,GAMMA 88-RA-226 
REFERENCE ENERGY 
MEV 
52 2046 2.5300- 8 
DELTA X-SEC DELTA 
MEV BARNS BARNS 
2.3000* I 2.0000* 0 




_ - -i -
f A-
-_, r — ^ , , , r , r—r . ~i r—r- ! • " 
U3 
10 : 
J- * • • ' - » • 
^~ i » • • * • -l"0 . " 
1 r * " . • • " " • * 
_J " . 
i—< » ** in • • • u • • UJ -' , i , i.. . . . , • • , . . • • • • • 1 . , . . , • • • • • • ' • •• - • , i - • • • 
u 10 ' 
- 10 
in z a. < m 
XIO 
MEV 




' 1 ' ' 
(6
1 













. . i 





FI 551 ON 
CROSS SECTION 
n-e 
7 8 9 1 0 7 
MEV 






2 a. < 
10 c 
4 io' 
3 4 5 6 7 8 




0 3 / 0 1 / 7 4 FISSiON 
CROSS SECTION 
6 8 l 6 5 
90-TH-229 





03 /0 1/74 PROMPT NEUTRONS/FISSION 90-TH-229 
REFtPrNCf ENERGY DELTA NU-BAR DELTA 
MEV MEV 
6 ! I08B P .5300- 8 a.ssao* o e .oooo- a 





i i . . > J , I i • *i 11 
1 .2 
1 
j 0 - 8 X 1 0 E 
H 0 . 6 
i 0 . 4 
2 4 6 8 1 0 7 2 4 6 8 1 0 6 
r ,..,...,..,.., i I 1 




• .'' . . . " * 
L •• - J . . . . i , ,..! ,.:..,.? 
2 4 6 8 ] 5 7 2 4 6 8 ] 5 6 2 4 6 8 J Q 5 2 4 
r 
' " • • i " ' " " 1 " ' " ' • • • • • • , - • • 
-. 
° ° 0 O D : - o ° ° a ° P ° ° ° j 




, , ,i . , i..,. 
~ 
3.5 4 . 5 
1 1-4 
MEV 
J -1 0 . 2 
4 











J 3 / 0 1 / 7 4 FISSION 
CROSS SECTION 
90-TH-230 
3 4 5 6 7 8 9 .0° a 3 
- • " i i • i • i i i . ' 1 1 • • < r • • ., { --̂  a r- fl ° i i i -° : 
U) 
a m ° o o in 
n " — _ ° _ 
_ i : : 
•—i . in -
(.> -UJ 
- i . t . I i i - 4 . 1 . 1 ..1 . I , 1 j ,.. , . . i . t . i . i . , . . . . i , i . i . t . L. 1 , 1 . 1 . 1 , , , J . I . . . . 1 i . 1 . I . . I . . H * . 
10 1 




0 .7 0 . 8 0 . 9 1 . 1 







C O D - o o Q O a O O O O ° 






_ j D 0 . •—< 
EC
S f 
1 -.1 1 ^ — 1 . . . 1 . i 1 I . 1 . 1- J—, ,|_< •—t--j—I _,-!_,_ L • i i j . 
10 1 
10u 
1 .5 2 . 5 
11-5 MEV 90 -TH-230 - 2 
03/01/74 













T ' I I • | - 1 -












I • I • ) • I • 
10 
5 2 < 
CD 











. . 1 . . ' ' . 1 ' • , 1 • , 1 , 
cr 
1.1 1 .2 




REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS 
69 2362 2 .5000- 8 7.180O+ I 2.0000* 0 
0 3 / 0 1 / 7 4 ELASTIC 90-TH-E30 
REFERENCE ENERGY DELTA 
MEV MEV 
59 2362 5 . 5 0 0 0 - 8 
X-SEC DELTA 
8ARNS BARNS 
.5000* 1 5.0000* 0 
0 3 / 0 1 / 7 4 FISSION 90-TH-230 
REFERENCE ENERGY 
MEV 
60 635 2.5000* 0 
60 635 1.4600* I 
DELTA X-SEC DELTA 
MEV BARNS BARNS 
H . 1 0 0 0 - I 8 . 0 0 1 0 - 2 
7.2010- 1 1.5000- 1 
0 3 / 0 1 / 7 4 N,GAMMA 90-TH-230 
REFERENCE ENERGY 
MEV 
69 2362 2 . 5 0 0 0 - 8 
58 t ? 3 2 . 5 3 0 0 - 8 
52 1201 2 .5300- 8 
DELTA X-SEC DELTA 
MEV BARNS BARNS 
5 .6800+ 1 3 . 0 0 0 0 * 0 
2.2700+ 1 6 .0000- 1 
6 . 1 0 0 0 * I 
11-7 90-TH-230 -«+ 
0 3 / 0 1 / 7 4 FISSION 90-TH-E31 
CROSS SECTION 
DELTA X-SEC JELTA 
MEV BARNS BARNS 
.2500- 1 2.2000- I 4.4000- 2 
.2500- I 2.000C- 1 4.000C- 2 
.2500- I 2.1000- 1 4.2000- 2 
REFERENCE ENERGY 
MEV 
70 2273 1 5000* 0 
70 2273 1 7500- 0 
•'0 2273 2 0000' 0 
n-8 90-TH-231 -1 




- ' 1 1 ' • 1 , - , ' " • ' ' .,,.-, . - 1 ' -,.,,-*_r , -._ 1 . — 0° 3 P : ,r -in 0 0 • 
w : a , r ° °° o rP ° 0 • 
CO D u * -
-1
7 
3 o " " c <• 0 
: : 
_ j 
—* ° 0 : 10 D a « Q : a 
D : UJ 




7 8 9 l g 7 
.5 
XI 0 
2 4 6 8 1 0 8 2 4 6 8 1 0 7 2 4 6 8 l 5 6 2 
i • ' ' ' • • ' • • ! ' • . • - . - -
, o -in • 0 1 
a 0 
7 
nj - 0 -r n . OJ ° P O o 7 
_l r o t, o O 7 
cn 7 ° D o o 0 a „ 7 
o : Ld ^ .J , _l 
o o a Co 
. . U . . . . . I -1 . . - . . . . . . . . . . - . . - . .......... 
1 m 
X 1 0 L § 
< 
00 
8 1 0 8 2 4 6 8 > o 7 2 4 6 8 i 6 6 2 4 6 
(89 : o 
" ' " i " • i 
CO 
cn 
° D : : : 









a • a • 
-
-: 
2 . 4 
2 . 2 
2 X10 1 
1 .8 
1 .6 




If) z en < m 
MEV 90-TH-232 -2 
(EXPANDED BELOW) 
ECSIL-814 (65) ECS1L-520 (55) ECSlL-371 (64) 
BARNS 
SNuva 
r o n j — o — r o r u — o — ' ^ n n j ~ o — 
o o o o i o o o o o 10 o o o o 10 
jrirrrrn—pmii r - ^ T I M r ( pnnii i 
- i -i 
• • / 
j ; 
• ' " • / 
. . / 
" ' / -










: * / ' : 
1 
"••••;> • 

















- . . . . i . . i i - 1 
r*******^- .v^ 
1 • ' - ' — ' 
10 
i o c 
t/i i o I-
en z rr <: m 
X10 
1 . 1 
8 i o 3 
11-13 
8 1 0 2 
MEV 












_ j • : 
• — i -
EC
S - a 0 a a a 
• 1 * . • • ! . fa 


















- 1 .5 
1 .4 X10 
2 3 - 3 4 5 6 7 8 9 
1 • • i ' 1: 
ID _ -i 
UD 0 • : 
• - ° 0 0 „ -i 
00 a O : 
ru 1 o : 





_i ° 0 : 
U) L ; 
o 




-i 1 .2 X10 in cc < 
1 m 
0.8 
6 8 1 Q 0 
-..•^•v . • 
^ . „ r 
1 .2 
1 X10 1 
• 0.8 
6 7 c _ I - 101 
MEV 










; . . - ° • • ; 
i o J 2 3 
4 5 6 7 8 9 1 0 0 2 3 
L 
i -i 












- • - • i i i 
a 1 _ - -
8 9 1 Q 0 
r^^&m*#&&** : . v - ^ - * , - i 
• i « ' " i " 
1 . 1 
I 
0 . 9 XIO 
0 . 8 
0 . 7 
8 
7 . 6 
7 . 2 







5 6 7 8 9 , 0 
11-15 
MEV 
7 8 9 1 Q 1 






in in in in in in in in in 





' I " " " " ' ! 1 " ' " " " ! 1 1 " " 1 " ! " I " I1 
" ' l ' i " 1 , * *• 




E~l—"~ i • i • i ' i ' i • ' " 
r_,,T^ r.,,.,, . , . , i • ! ' I ' I • | • * • i • I ' I • i • I • I ' i ' r- y-T— r-"r —t - i ' ' •" ' • f • ' " • • " ' • • •>- ' ' <"<•• • • • » - ! •; ^ • ^ o • 




io ~ OJ • • " : 
1 : 
_) : 1 — 1 : in : 





3 4 5 6 7 8 9 10 1 
... ..( > i i i i i ............ . , . J i . . , , i • , . . , - , ' * 1 • • • " -,̂ • o • • ' . « . 
UJ < « • • *** *••• • ; '-' .*- : 
1*1 • * • -
J -
a % M : 
i : •"* \ 
_ i ^ • \ . . »_ ; * U) • • •̂  
(_) • " : OJ 
..... ,.L.. * . . . . ! 14-XO. i . . . . i . i.,» I . . _ . I - . - _ l . . _ J ^ . ^ - L — . t i - . ^ _ J . J J . . J _ . . 1 .'• 












cD ru oo 
CD If) LT) J -
in en 
in J- J- ro ro 
i T | l i i i i i n . | > r i i i i r i i f i i n i . i i i | t . p i i i l . . J i 
o- r-












(59) £69-"US33 (SS) + I 9 2 ! - 1 I S D 3 
0 3 / 0 1 / 1 H FISSION 
CROSS SF.CTION 
90-TH-232 





o • • • • in r . • 
! 
- J - . • 
< « " 
•—* • (0 , o r . 
u 1 
1 .5 
. . • • • • * • 
2 . 5 
1 .4 . 6 
11-19 
MEV 
6 7 8 9 10° 2 3 
• i . i • • • ' | • ' ' ' 1 ' i t • • • i • • i • • ' • • i • • • • \ 
(7
1 
) r ' ' 1 











1 0 " 
i o H 
1 0 5 
10 
- 1 0 u 
~ r - • > — » — * • > ' — ' • • • • ' 1 
• " " T — - • •• • • • ' ! " • i " • ' i " " T — ' • • r - .,. ... . * * " 1 • — T " " f — T - * - * r - " * ' 1'" 
D 
O 







CJ a -Ld 0 












0 3 / 0 1 / 7 4 




7 8 9 
3 . 5 
j 3 
2 X I O 1 * 
•= 1 . 5 
• • • - 1 - " • " 1 T " " • 











• • a D B° 
o « 
D ° O O O B 0 D 
s 
* • • - . i . i . i _J— . 
1 1-20 





90 -TH-232 - I E 










p— • • • i T • r - i • i 1'' "' "' ' '" 1 1 • T T • T " ' " • • n I"'' n r - n r ; 
T e • 
t 
• O r ~ 
: ° : 
• a : 
: °o 
• " 
D o _; 
. I . J . I . I . U I , I . I , , - I . I . J - . . . J . L - I . " • t,, . . . . . . J - i 1 - * ~4-i-J-_L • • . 1 , . , , i . , . . . i . ' r • • • • • - • i ' • • , 1 . 1 . 1 . 1 • - • - • r ' • Ui.1—U-i*. : 
0 8 I 1 .5 1 .4 X I O 1 1 .6 1 .8 2 
k ' • 1 • ' i - " r i • • • ' • ' r • • • ! • • • • ' J • ' • • • 1 ' ' ' ' ' ' 
1 1 ' 1 '"!. 
r-to 0 ° 8. 
^ 
CO i- q 0 Q -
o 




(_) " LU : ° ' .1 . . . . 1 . . . 1 . . . U . .» .4 . .J^| . i . 1 . 1 . . 1 , 1 . 1 . 










5 . 5 
5 
4 . 5 
XIO 
in 
L, X I O ' O ? 
3 . 5 
1 . 8 
t-L. • • • • • • • i • ' • • • i , . . . I 
1 . 3 
11-21 
1 4 1.5 X ] 0 1 1.6 
MEV 
1.7 
4 . 5 
o • 
4 
; 3 -5 x i O 1 
5 
3 
i • i i i -, 1 
5.5 
1.8 




i o 7 2 3 4 5 6 7 8 9 JJJ6 2 3 











-j • a • 
EC
S 





4 6 8 1 0 2 E 4 6 8 1 0 1 2 4 
~ a ' i •••• i 
M 
CO 
" D _ 
U) o o 
D • 
r " o ' 
_ i : 
• — . P a : <n 
o • UJ 
1 • ' u i i L * . 1 . . . . i . , 1 






7 8 9 , g l 
90-TH-232 -14 




6 7 8 9 1 0 2 P 3 
4 5 6 7 8 9 l 5 l 

























o o o 
3 4 - 6 7 8 9 i o < 2 3 4 5 6 7 8 9 K 
~ a " 
• • • , 
' ' ' • ' i • - ' ' ' -
-~. ; 0 • 
<X) * : 
• * " • * „ 0 • 
en ° D o in g 
T & -: 
-j • 
in » • 
u -UJ 




XI 0 1 
,o2 
4 6 8 ID 1 2 4 6 8 10° 2 4 
59
) i • 














7 8 9 , 00 








2 3 4 5 6 7 8 9 10° 
• P 
• i | • i • i . • | • • • . 
' ' ' ' ' ' 1 " • ' ' ' ' 1 : 
01 " • 
U) • : 
w _ : 
r- o a a ; 
ru ; OJ : 
-j : 
•—. -m : o : u , , 











I 1-25 90-TH-232 -17 
N0ISSI3/SN0ain3N 
in j- fo cu — 
ru ru ru ru ru 
in tn i n j - r o o j — oj 
j - h o r o n j r u ru ru ru oi ru ru ' 




REFERENCE ENERGY DELTA X-SEC DELTA KEFERENCE ENERGY DELTA X-SEC OELTA 
MEV MEV BARNS BARNS MEV MEV BARNS BARNS 
65 919 .4400- 6 1 .3280+ 1 6.O0O0- 2 61 23? 2.8400+ 1 5.4910+ 0 3.4000- 1 
52 81 .".COD* 1 5.6910* 0 1.1000- 1 so aei 4.2000+ I .0000* 0 5.0310+ 0 7.0010- 2 
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i o 2 
MEV 
03/01/74 FISSION 
5 6 7 8 9 l 5 2 
36-CM-244 
REFERENCE ENERGY DELTA X-SEC DELTA REFERENCE ENERGY OELTA X-SEC OELTA 
MEV MEV BARNS BARNS MEV MEV BARNS BARNS 
72 3235 5 . 5 0 0 0 - 5 .1000+ 0 5 O0O0- 1 67 1518 .4500+ 1 3 .2800+ 0 3 . 0 0 0 0 - ! 
] 6 9 2100 I .0000+ 0 .7000+ 0 67 1518 .4500+ 1 3 .1000+ 0 3 . 0 0 0 C - i 
1 6 9 2100 1 .5000* 0 .7000+ 0 1 E8 2100 .4900+ 1 2 . 6 0 0 0 + 0 
1 69 2100 3.0000+ 0 .5600+ 0 
in z cc < 
00 
11-283 96-CM-244 -4 
03/01/74 N,GAMMA 96-CM-244 
CROSS SECTION 
I1-3B4 
REFERENCE ENERGY OELTA X-SEC DELTA 
MEV HEV BARNS BARNS 
54 1474 J.50DD- B ?.5000+ 1 1.0000+ 1 
0 3 / 0 1 / 7 4 CAPTURE/FISSION RATIO 96-CM-244 
REFERENCE ENERGY DELTA RATIO DELTA 
MEV MEV 









: • ,,.,, . . • ; 
(/v .« • : ; /; A s '•/ V s , ^ 1 • • : : ; 'vA ':'• V • 
rv . ( t < • ' 4 V \ / .- -
: 
V u! 
































6 8 l g 3 2 4 6 8 ] 5 ? 2 4 6 8 l 5 l 
MEV 





0 3 / 0 1 / 7 4 FISSION 96-CM-2H5 
REFERENCE ENERGY 
MEV 
I 70 3386 2.5000- 8 
DELTA X-SEC DELTA 
MEV BARNS BARNS 
1.9500* 3 I.8000+ 2 
REFERENCE ENERGY 
MEV 
72 3232 2.5000- 2 
DELTA X-SEC DELTA 
MEV BARNS BARNS 
2.0180+ 3 3.7000+ ! 
03/01/74 N,GAMMA 96-CM-245 
REFERENCE ENERGY 
MEV 
54 1474 2.5000- 8 
DELTA X-SEC DELTA 
MEV 8ARN3 BARNS 
£.0000+ 2 1.0000+ c 
REFERENCE ENERGY 
MEV 
1 69 3325 2.5000- 8 
DELTA X-SEC DELTA 
MEV BARNS BARNS 
3.4000+ 2 2.0000+ I 
03/01/74 PROMPT NEUTRONS/FISSION 96-CM-245 
REFERENCE ENERGY DELTA 
69 1912 2.5300- 8 
NU-BAR DELTA 
3.8320+ 0 3.4000- 2 





REFERENCE ENERGY D E L T A R A T I Q 
MEV MEV 
68 8103 8.5300- 8 2 . 0 0 o o . , 
96-CM-2H5 
96-CM-245 -3 
03/01/74 FISSI ON 
CROSS SECTION 
96-CM-246 
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REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS 
75 3?35 2.5000- 2 1,7000- 1 1.0000- 1 
03/01/74 N,GAMMA 96-CM-246 
REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS 
51* I ^ H a.5000- a 1.5000+ I 1.0000+ 1 
I 69 3325 5.5000- 8 1.3000+ 0 H.D000- 1 
11-289 96-CM-&-+6 -3 
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03/0 1/74 FISSION 96-CM-248 
CROSS SECTION 
REFERENCE ENERGY DELTA X-SEC DELTA 
M ^V MFV BARNS BARNS 
IS 3232 ?."5CCr.- ? 3 . 4 0 0 0 - I 7 . 0 0 0 0 - 2 
1 1-293 
96-CM-2H8 - 2 
03/01/74 FISSION 96-CM-249 
CROSS SECTION 
REFERENCE ENERGY DELTA X-SEC DELTA 
M E V M E V bARNS BARNS 
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03/01/74 N,GAMMA 98-CF-250 
CROSS SECTION 
REFERENCE ENERGY DELTA X-SEC DELTA 






REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MFV BARNS BARNS 
1 71 3323 a.5000- 8 S.8500+ 3 1.5000* 2 
03/01/74 CAPTURE/"ISSION RATIO 
REFERENCE ENERGY DELTA RATIO DELTA 
M£V MEV 







REFERENCE ENERGY DELTA X-SEC DELTA 
MEV MEV BARNS BARNS 
69 2102 2.5300- 8 2.0100+ 1 2.0000* 0 
II-300 ft- OPO 1»3K 98-CF-252 -1 
